In a single-blind randomized trial, three types of laryngeal masks: the reusable LMA Classic™, the single-use LMA Unique™ and SoftSeal™ were inserted by novice medical officers in anaesthesia. Five successive attempts were undertaken with each mask type. The order of the mask type insertion was randomly selected. Mean (SD) insertion times for LMA Classic™, LMA Unique™ and Soft Seal™ were 32.9 (12.3), 39.6 (23.4) and 49.4 (50.4) seconds respectively. Differences were only significant between LMA Classic™ and SoftSeal™ (P=0.012). There were no significant differences in first attempt success rates (LMA Classic™ 80%, LMA Unique™ 77% and SoftSeal™ 62%). The SoftSeal™ was most frequently associated with blood on the mask (32%) compared to the LMA Unique™ (9%) and LMA Classic™ (6%). Sore throat was experienced in 14% of patients in the LMA Unique™ group versus 41% and 42% in the LMA Classic™ and SoftSeal™ groups respectively. Mean±SD oropharyngeal leak pressure was significantly higher in the SoftSeal™ (21±6 cmH 2 O) compared to the LMA Classic™ (17±7 cmH 2 O) and LMA Unique™ (16±6 cmH 2 O) .
The laryngeal mask airway is now widely used in elective anaesthesia for spontaneously breathing patients, intermittent positive airway ventilation, difficult airway management and resuscitation 1 . Due to the risks of disease transmission from inefficient sterilization of the re-usable LMA Classic™, the use of disposable laryngeal masks will increase [2] [3] [4] [5] , especially if the unit costs of cleaning and autoclaving are high.
The Laryngeal Mask Company single-use laryngeal mask (the LMA Unique™) was released in 1997.
It functions similarly to the LMA Classic™ 6, 7 . The LMA Unique™ has received isolated criticism in terms of ease of insertion 8 and one case of separation of the airway tube from the mask backplate has been reported 9 . Another single-use laryngeal mask (SoftSeal™) constructed of thermosensitive PVC was introduced in 2002 by Portex Ltd, U.K. This device was prospectively studied by Paech et al 10 and van Zundert et al 11 recently when they compared it to the LMA Classic™. To our knowledge, there has been no direct comparison between the two disposable masks.
hence we decided to compare both types of disposable laryngeal masks with the re-usable device in a prospective randomised study. Novices were selected because previous studies have shown minimal differences in expert hands 6, 7, 10, 11 and results from this study may be applicable to non-anaesthesia personnel such as nurses, paramedics and junior doctors. In addition, novice staff were used to reduce bias and also to evaluate the learning experience. our primary aim was to compare the three masks with regard to ease of insertion by measuring the time taken to insert them. Secondary outcomes included successful first attempt insertion rates; airway seal pressures, cuff volume and incidence of complications.
METhoDS
After obtaining approval from the Singapore General hospital Ethics Committee and patients' written informed consent, we conducted a singleblind, randomized study of 135 ASA I-II adult patients undergoing elective surgery. Exclusion criteria were a history of gastro-oesophageal reflux, severe obesity and inadequate fasting. Nine medical officers (Mos) without previous experience in anaesthesia were recruited. Each Mo was studied on a total of 15 patients: 5 each with the LMA Unique™, SoftSeal™ and LMA Classic™.
Prior to the study, the Mos were given an instruction sheet and were shown a 10-minute video detailing the technique of laryngeal mask insertion. They were then given a demonstration, after which they were allowed to practise with a manikin under supervision. The Mos had the opportunity to practise with all three masks until they were comfortable with the insertion technique. Selection of the size of the mask was based on body weight, usually size 3 for women and size 4 for men given the low body weight of our popula-tion 12 . Per mask type, five successive attempts were performed. Randomization was achieved by having the Mo randomly select one of three opaque envelopes representing each mask type.
With standard monitoring in place, patients breathed oxygen whilst anaesthesia was induced with fentanyl 1 µg/kg and propofol 2-3 mg/kg. The laryngeal mask was inserted when eyelash reflex was abolished and adequate jaw relaxation was present. The insertion technique was standardized to that recommended for LMA insertion 13 . Additional propofol 0.5-1 mg/kg was administered to maintain apnoea and minimize patient movement during laryngeal mask insertion.
Insertion time was recorded from the time of picking up the airway, to obtaining an end-tidal Co 2 trace. An attempt was defined as a forward and backward movement of the mask. Novices were allowed three attempts to insert the mask. The time taken to achieve this was not limited provided Spo 2 was maintained above 95%. This was achieved by manually hand ventilating the patient between attempts. In patients with failed insertion, the insertion times were excluded from analysis. A consultant would take over to insert the device in order to obtain seal pressure and cuff volume data.
Following successful placement, the mask was inflated to a standard intracuff pressure of 60 cmh 2 o using a hand held Portex pressure gauge. The volume of air required to inflate the cuff to this pressure was recorded. oropharyngeal leak pressure (oLP) was determined by closing the expiratory valve at a fixed gas flow of 3 l/min and recording the airway pressure at which a steady value was reached 14 . This was observed and recorded by an independent observer who was not aware of the type of mask used. Anaesthesia was subsequently maintained with isoflurane 1-2% in oxygen/nitrous mixture under spontaneous ventilation. Upon removal of the LMA in the recovery room, independent nurses recorded the presence of blood on the mask. Patients were then asked if they had a sore throat or difficulty talking immediately after removing the mask as well as prior to discharge from recovery. Trained observers collected data over a period of two months.
Statistics
Sample size was determined using a power of 80% and a 2-sided test of 5% for a standardized effect size of 0.6 (mean/SD: anticipating a 15 seconds difference with SD=25 seconds). This meant that 45 attempts per mask type would be required. Descriptive statistics were summarized as mean±standard deviation. All multiple comparisons were Bonferroni-adjusted. The primary outcome of insertion time was analysed using a repeated measurement analysis (AR(1) correlation structure, SAS Proc Mixed) to take into account of the correlation of the measurements from the same medical officer. The improvement in insertion times between masks with subsequent attempts and a learning curve was assessed by including a main effect for attempt and an interaction effect between attempt mask in the above Proc Mixed model. The differences in volume of air and seal pressure were assessed using ANoVA when normality and homogeneity assumptions were satisfied; otherwise Kruskal Wallis test was applied. Categorical data was analysed by Chi square test.
Statistical significance was set at P<0.05 after Bonferroni adjustments.
RESULTS
Patients enrolled in this study were comparable in age, weight and duration of surgery ( Table 1 ). The order with which the masks were inserted per Mo is represented in Table 3) . The difference was only significant between LMA Classic™ and SoftSeal™ (P=0.012). Success rates for first attempt insertion ranged from 62% to 80% without any significant group differences.
Volume of air required to inflate the cuff was very similar in all three masks. Mean oropharyngeal leak pressure (oLP) ranged from 16 to 21 cmh 2 o. It was significantly higher in the SoftSeal™ (P=0.015 and 0.001 compared to LMA Classic™ and LMA Unique™, respectively).
Complications were generally similar in the three groups except in two areas ( Table 4 ). The presence of blood on the mask was found significantly more often in SoftSeal™, compared to LMA Classic™and LMA Unique™ (P=0.046 and P=0.012, respectively). The LMA Unique™ had the lowest incidence of sore throat at 14% compared to 41% and 42% in LMA Classic™ and SoftSeal™ respectively (P=0.006). Regression analysis using the Proc Mixed model did not show an improvement in insertion times with further attempts for all mask types.
DISCUSSIoN
In this three-way comparison by novice staff, mean insertion times with the reusable LMA Classic™tended to be shorter than with the disposable LMA Unique™ and SoftSeal™ (mean insertion times 32.9s, 39.6s and 49.4s respectively). This difference was significant when LMA Classic™ was compared to SoftSeal™ (P=0.012). Paech and colleagues 10 compared the use of the LMA Classic™ (n=100) with the SoftSeal™ (n=99) in expert hands. Median insertion times were significantly longer for the SoftSeal™ at 45s versus 35s for LMA Classic™ and our findings support this. These insertion times contrast with those obtained by van Zundert 11 who studied over 200 patients. They reported rates of successful insertions within 20s in the LMA Classic™ and SoftSeal™ groups of 97% and 95%, respectively. Possible reasons for the SoftSeal™ taking longer to insert include the wider tube and stiffer PVC mask compared to the smaller and more flexible silicone mask of the LMA Classic™.
Paech et al 10 reported first time success rates Values are expressed as mean (SD, range). LMA size: numbers. 16 . These figures are quite similar to our findings. Although one study with LMA Unique™ insertions by paramedics reported high success rate (96%) 17 , these subjects had prior experience using the LMA Classic™. We have not come across papers reporting novice use of SoftSeal™. Although a previous study had shown improvement after fifteen attempts 18 , we elected to study five per mask type to see if improvement could be achieved in a shorter time after providing more intense training and allowing adequate practice during that training period. however, we were unable to show a discernible improvement in insertion times after five attempts with each mask.
Following the classification described by Berry 19 , medium to high oLP was obtained with size 3 and 4 masks in our local population. The highest oLP was obtained with SoftSeal™ reflecting a better seal afforded by this mask despite having the same cuff dimensions as LMA Classic™. This has potential advantages in offering better protection from aspiration and less gastric distension during positive pressure ventilation. The larger diameter of the airway tube in the SoftSeal™ may facilitate tracheal intubation.
We confirm that in most cases, small volumes of air (<14 ml) were needed to maintain a cuff pressure of 60 cmh 2 o 20,21 . This did not necessarily reduce the incidence of sore throat as evidenced by M. G. E. Tan, E. R. C. Chin ET al the high occurrence of sore throat with the LMA Classic™(41%) and SoftSeal™ (42%).
our 42% incidence of sore throat for the SoftSeal™ in the immediate postoperative period contrasts with the lower rate (10%) of van Zundert et al 11 . It is more consistent with the findings of Paech et al 10 who reported rates of 24% and 39% at two and 24h. Reported incidence of sore throat for LMA Classic™ ranges from 6-30% 10,11,21-23 even up to 40% 24 . our 41% incidence for the LMA Classic™ is in the upper range. With the LMA Unique™, the incidence of sore throat is identical to that reported by Verghese et al (14%) 7 . In our study, the LMA Unique™ performs better than either SoftSeal™ or LMA Classic™. Paech et al found the SoftSeal™ to be better than the LMA Classic™ at 24h. Van Zundert et al reported no differences at this time, but more sore throat with LMA Classic™ than with the SoftSeal™ at 2h. The high incidence of postoperative sore throat in our study is almost certainly related to poor technique from the novices.
The presence of blood on the laryngeal mask on removal was taken as an indication of pharyngeal mucosal trauma. Using this endpoint, SoftSeal™ had the highest incidence of mucosal trauma (32%), which concurs with results from Paech et al's study (35%) 10 . Interestingly, although blood was found in 14% of LMA Classic™, it was still associated with a high incidence of sore throat. This suggests that causes of sore throat are multifactorial and not solely due to traumatic insertion. It seems reasonable to assume that our novice staff had greater difficulty in inserting the SoftSeal™, which led to longer insertion times, more mucosal trauma and sore throat as a result. Blood was found on LMA Unique™ in 9% of cases and this correlated with the low occurrence of sore throat 6, 7 .
This study had certain limitations. Correct placement of the masks was not confirmed with fibreoptic bronchoscopy. The effect of prolonged positive pressure ventilation was not investigated. There was a potential source of bias of more successful attempts with later mask types as a result of repetition and practice. We attempted to remove this source of bias by having the novice staff randomly select the mask they had to insert first. From Table 2 , SoftSeal™ was frequently picked as the last mask type to insert. If indeed repetition had a role to play improving insertion time, it was not evident by the significantly slower insertion times with the SoftSeal™ compared to the LMA Classic™. The insertion times for the patients with failed insertion were excluded from the analysis. As this occurred at twice the rate for the disposable masks as for the Classic, exclusion of the failure times Values are n (%). * Blood found more frequently with Soft Seal (P=0.046 vs LMA Classic; P=0.012 vs LMA Unique). **Lowest incidence of sore throat in LMA Unique (P=0.006). may skew the data in favour of the disposable masks. however, the median insertion times (Table 3) for the disposable masks were still longer than the Classic.
In summary, this study demonstrates that novice staff can successfully insert both disposable and reusable masks on their first attempt. Insertion times were significantly longer for the SoftSeal™when compared to the LMA Classic™; however, differences between the two single use laryngeal masks were not demonstrated. The SoftSeal™ was associated with a higher incidence of mucosal trauma and LMA Unique™ had the lowest incidence of sore throat of the three masks. SoftSeal™ gave the highest oropharyngeal leak pressure, which may translate into improved seal and protection against aspiration.
